We have detected human intestinal brush border proteins to which Escherichia coli strains adhere by means of a blotting-nitrocellulose method in which the binding of radiolabeled bacteria to sodium dodecyl sulfatepolyacrylamide gel electrophoresis-separated intestinal cell membranes was evaluated. The brush border fraction contained several polypeptides that bound only adherent E. coli strains. The most prominent and consistent of these proteins had apparent molecular masses of 32 to 33 kDa. 
Bacterial adherence to the intestinal mucosa has been identified as characteristic of Escherichia coli strains that cause diarrhea in infants (18, 26) . Adherence is thought to be mediated by molecular recognition between adhesins on the bacterial cell surface, and specific receptor molecules on mucosal cells of the host some of these molecules have been identified as glycolipids and glycoproteins (1, 29) .
The specificity of this interaction and the limited distribution of receptors on the cell surface often results in a restricted range of hosts and tissues utilized for colonization (11) . Bacterial binding is followed by an exchange of signals between the cell and the bacterium (21) . E. coli strains adhere in vitro to epithelial cells such as HeLa or HEp-2 in three characteristic patterns: localized (LA), in which microcolonies are formed at one or more defined places on the cells; diffuse (DA), when bacteria cover the cells uniformly; and aggregative (AggA), when the bacteria have a characteristic stacked brick appearance on the surface of both the cells and the glass of the preparation (22, 28) .
Most strains of E. coli possess type 1 fimbriae, which recognize and bind to terminal ␣-mannose residues that are found in mucus and glycoproteins of host cells (12) . However, there are no data as to which of these glycoproteins serve as receptors. Many of the diarrheagenic strains possess fimbrial lectins in place of, or in addition to, the lectin found on type 1 fimbriae (6) . The presence of type 1 fimbriae on the surface of E. coli markedly enhances the attachment to HEp-2 cells of organisms carrying mannose-resistant adhesins, suggesting a role for type 1 fimbriae in stabilizing E. coli adhesion mediated by another adhesin (32) .
The nature of the specific diarrheagenic E. coli surface appendages or surface components (adhesins) responsible for epithelial cell attachment remains poorly elucidated. Enteropathogenic E. coli (EPEC) has the potential to express a repertoire of fimbrial antigens, some of which may be produced simultaneously; among the fimbriae reported (14) , the bundleforming pilus (BFP) is the best characterized and appears to be a common antigenic determinant of EPEC highly associated with the formation of localized adherence (13) . Antiserum prepared against purified BFP significantly but not completely reduced the localized adherence of EPEC to HEp-2 cells (13) . Adhesion among DA strains is heterogeneous and may be plasmid or chromosomally encoded (3) . Two distinct adhesins have been identified in these strains: a plasmid-encoded outer membrane protein (100 kDa), called afimbrial adhesin and involved in diffuse adherence I (2) , and a chromosomally encoded fimbrial adhesin, F1845 (3), which is a member of the Dr family of adhesins. Probe data have showed that many DA strains do not possess this adhesin, indicating the existence of other diffuse adhesins (9) . AggA strains have been characterized by its extremely aggregative phenotypes. Nataro et al. (23) have identified two different plasmid-encoded types of fimbriae, AAF/I and AAF/II. AAF/I have been shown to be bundle-forming fimbriae of 2 to 3 nm diameter which lack the characteristic N-terminal amino acid sequence of the pilin sub-units of bundle-forming type 4 fimbriae. A surface protein of 38 kDa from these strains may be responsible for the expression of the autoaggregative phenotype (35) . In addition to AAF/I and AAF/II, several other fimbriae have been observed in AggA strains, although their identities and roles are unclear.
Little is known about the eukaryotic receptors to which adherent E. coli strains bind. Moreover, it is uncertain whether bacteria with defined adhesive patterns bind to specific receptors or if they have a common one. Inhibition studies have shown that linoleic acid as well as breast milk oligosaccharides are able to inhibit the adhesion of different E. coli strains exhibiting LA adherence to HEp-2 cells (5, 8) . Among these fractions, pentasaccharides and difucosyllactose have demonstrated the highest degree of inhibition. Jagannatha et al. (16) have reported the binding of LA E. coli to galactose-N-acetyl-␤1,4-galactose and other carbohydrate structures in these glycolipids; DA strains, on the other hand, do not bind to these molecules, suggesting a role for glycolipids as receptors for the former type of adherence. A similar disaccharide sequence has been found in many of the breast milk oligosaccharides that inhibited adhesion of LA E. coli strains but do not with DA or AggA strains (8) . Fucose has been frequently implicated in all these studies as an important factor present in many of these sugars.
In this report, we describe the capacity of E. coli with an LA, DA, or AggA phenotype to bind to glycoproteins of 32 to 33 kDa present in human intestinal brush borders. We also show data regarding the possible chemical nature of this proteins and discuss their possible participation in the capacity of E. coli to colonize the intestine.
MATERIALS AND METHODS

Strains.
The strains used in this study are described in Table 1 . All strains were serotyped by agglutination in 96-well microtiter plates with antisera raised in rabbits against 170 somatic and 56 flagellar antigens (24 35 S]methionine incorporation among experiment assays varied between 0.015 and 0.1 cpm/CFU, whereas the specific activity of labeling of the bacteria strains used varied less than 10% within each experiment.
Bacterial replication. The replication of bacteria at 37°C in defined culture medium (25) was determined by measuring culture turbidity at 600 nm.
Cell culture. HEp-2 and not fully differentiated Caco-2 cells were cultured in plastic tissue culture flasks (Nunc, Inc.) at 37°C under 5% CO 2 in Dulbecco modified Eagle medium containing 10 and 20% fetal calf serum, respectively. Cells were grown for 6 days; the medium was replaced every 2 days until monolayers were confluent, at which time they were collected by scraping into lysis buffer.
Adherence assays. Adherence to HEp-2 cells was performed in the presence of 1% D-mannose as described by Cravioto et al. (7) . HEp-2 cells were grown to near confluence in 24-well chambers slides in 1.0 ml of Dulbecco modified Eagle medium. Cell monolayer was infected with 30 l of bacterial culture grown overnight at 37°C. After 3 h of incubation at 37°C, the cells were washed six times with PBS, fixed with methanol, stained with Giemsa stain, and examined by light microscopy under oil immersion.
Inhibition effects of isolated 32-to 33-kDa proteins or antiserum on bacterial adhesion. The ability of the 32-to 33-kDa proteins to inhibit bacterial adherence to HEp-2 cells was analyzed by preincubation of E. coli strains, before the adherence assay, for 30 min at room temperature with approximately 5.0 and 10.0 g of the isolated 32-to 33-kDa proteins per ml. The binding assay was then performed as described above. Proteins were isolated by electroelution as described below. Controls consisted of a brush border protein that underwent the same isolation process as the 32-to 33-kDa species.
To determine inhibition effects on the adhesion of E. coli strains to HEp-2 cells, polyclonal 32-to 33-kDa protein-specific antiserum was added in separate experiments to tissue culture wells before the adherence assay. Wells were incubated for 30 min at 37°C with dilutions at 1:50 and 1:200 of antiserum. Rabbit preimmune serum was used as a control experiment to compare the inhibitory activity of the specific antiserum.
We recorded the degree of inhibition by counting the bacteria that adhered to the tissue culture cells of 200 cells selected at random. Preparations were coded and read blindly by two independent observers, previously standardized to a Ͻ1% difference. Each experiment was done in duplicate and repeated three times. Results are expressed as percentage of adherence compared with binding assays run in the absence of putative inhibitors.
Statistical analysis. Results are expressed as means Ϯ standard error. Differences between two groups were determined by using the two-tailed, unpaired Student t test. A critical P value of 0.05 was used for all analysis.
Cell membrane fractionation. Membranes were prepared by the method of Magee et al. (20) . HEp-2 and not fully differentiated Caco-2 cells in 150-mmdiameter dishes were washed twice with ice-cold PBS and once with lysis buffer (10 mM HEPES, 1 mM EGTA [pH 7.4]). Cells were then scraped into lysis buffer and swollen on ice for 15 min. Cells were broken with 40 strokes of a tight-fitting Potter-Elvehjem homogenizer, and debris was removed by centrifugation at 500 ϫ g for 10 min at 4°C. The postnuclear supernatant was centrifuged for 30 min at 40,000 ϫ g at 4°C. The pelleted membranes were resuspended in PBS.
Intestinal samples. Human duodenal and jejunal sections from small intestines of infants and adults were obtained from autopsy material after informed consent was obtained from the relatives of the patients. Fresh samples were flushed with cold PBS to remove intestinal contents. Segments of small intestine were stored in cold PBS on ice until they were processed within 3 h of collection. Samples were processed as described below.
Mucus preparation. Crude mucus was obtained by the method of Willemsen and de Graaf (37) . Human gut segments were gently washed with ice-cold PBS containing protease inhibitors (10 mM phenylmethylsulfonyl fluoride [PMSF], 1.0 mM EDTA, 25 g of aprotinin per ml, and 25 g of leupeptin per ml) to remove contents and split open with scissors to expose the epithelium. The mucus layer was removed by scraping the longitudinally dissected gut segments with a spatula and collected in a vessel containing PBS and protease inhibitors. Suspensions were homogenized by shaking; cells and small particles were removed by centrifugation at 15,000 ϫ g for 10 min at 4°C. The supernatant was collected and used as crude mucus preparation. Protease inhibitors were purchased from Sigma Chemical Co. (St. Louis, Mo.) and used throughout the study at the concentrations mentioned above.
Brush border preparation. Human brush borders were prepared by the method of Saxon et al. (27) . All procedures were performed at 4°C. Briefly, epithelial cell scrapings (see above) were suspended in buffer A (5 mM EDTA, 1 mM HEPES-Tris [pH 7.5]) containing PMSF and 1 mM dithiothreitol (DTT) and homogenized in a Waring blender for 25 s. After centrifugation of the homogenate at 450 ϫ g for 15 min, the pellet was resuspended in buffer A and centrifuged again at 800 ϫ g for 15 min. The resulting brush border pellet was resuspended in a small volume of buffer B (0.09 M NaCl, 0.8 mM EDTA, 1 mM 
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HEPES-Tris [pH 7.5]) containing PMSF and 1 mM dithiothreitol and filtered through a nylon mesh to remove aggregates. Brush borders were recovered by centrifugation for 10 min at 800 ϫ g and washed once with fresh buffer B. Following isolation, brush borders were boiled in Laemmli sample buffer (19) . The purity of the preparation and the presence of intact brush borders were confirmed by light microscopy. SDS-PAGE. Sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) was performed in 11% polyacrylamide slab gels essentially as described by Laemmli (19) .
Isolation of the 32-to 33-kDa proteins. The 32-to 33-kDa proteins were isolated from cell membrane preparations by electroelution after separation of the proteins by SDS-PAGE (15) . Briefly, proteins bands were localized after electrophoresis by staining with 0.05% Coomassie blue R-250, prepared in water. Gel pieces were excised and proteins were removed from the gel by electroelution in electrophoresis running buffer. SDS were removed by precipitation of the proteins with 50% (vol/vol) acetone at Ϫ20°C with constant stirring for 10 min and constant control of temperature at 0°C. Samples were centrifuged at 0°C for 10 min at 3,000 ϫ g, the supernatant was discarded, and the pellet was washed once with 50% (vol/vol) acetone-PBS. Finally the pellets were air dried and redissolved in PBS.
Protein quantitation. The 32-to 33-kDa protein bands were quantitative determined after SDS-PAGE by the method of Wong et al. (38) . Briefly, wellresolved stained bands were cut out and macerated, and the Coomassie blue R-250 was eluted overnight by shaking at room temperature with an 80% methanol solution in a sealed tube. The absorbance of the solution was measured at 585 nm and corrected with an appropriated blank, which was the absorbance of an 80% methanol solution after elution of a polyacrylamide gel slice having no protein. The color yields were then calculated from the amounts of protein submitted to electrophoresis and those found from the curve of absorbance of Coomassie blue solution as a function of the amount of bovine serum albumin. Quantitation of the amount of the total protein contained in a solution was determined by the Bradford method (4).
Antiserum. The antiserum for the 32-to 33-kDa proteins from human intestinal brush border was raised in New Zealand rabbits by injecting a separated protein band at 32 to 33 kDa from the gel used for SDS-PAGE. The gel at 32 to 33 kDa was cut and transferred into a small amount of PBS. The gel was crushed in complete Freund's adjuvant solution (CFA; Sigma) and emulsified. The complete Freund adjuvant-antigen emulsion was then injected subcutaneously (in multiple sites) into rabbits. The animals were boosted 3 and 6 weeks later with the same protein-gel in incomplete Freund's adjuvant. Ten days later, blood was drawn and the serum was collected.
Blotting-binding assay. Blotting assays were performed as described by Towbin et al. (33) , using a semidry method with a Multiphor II NovaBlot apparatus (Pharmacia Biotech). Transfer buffer consisted of 50 mM Tris, 380 mM glycine, and 0.1% SDS. Nitrocellulose strips with transblotted intestinal brush border preparations were blocked with 5% nonfat dry milk for 2 h under agitation. The blocking solution was changed three times during this time. Blotted preparations were incubated with 35 S-labeled bacteria in concentrations of 10 6 to 10 8 per ml in synthetic medium and incubated for 1 h at 37°C. After this incubation, nitrocellulose strips were washed extensively with six changes of PBS. Binding of radiolabeled bacteria to intestinal proteins was detected by autoradiography. The number of bacteria bound to the 32-to 33-kDa proteins (3.0 g of protein per nitrocellulose piece) was expressed as cpm of [ Lipid removal from human intestinal brush borders. Lipids were removed from intestinal brush borders by two extractions with chloroform-methanolwater (4:8:3, vol/vol/vol) (31) . The delipidized cell membrane fraction was collected as a sediment after centrifugation at 10,000 ϫ g for 10 min and resuspended in PBS.
Proteinase K digestion of human intestinal brush borders. A preparation of human intestinal brush borders containing approximately 100 g of protein was incubated with 50 g of proteinase K (Sigma) and 1% (wt/vol) SDS for 1 h at 60°C (36) . The brush borders were assayed for the presence of bacterial binding activity by autoradiography as described above.
Deglycosylation and periodate sugar oxidation of human intestinal brush borders. Prior to the immunoblotting assay, nitrocellulose strips containing separated brush border proteins were incubated with peptide N-glycosidase F (Sigma) essentially as described by Faye and Chrispeels (10) . Sodium meta-periodate was used at a concentration of 100 mM in a 100 mM sodium acetate buffer (pH 5.2). The intestinal brush borders were oxidized by this solution after SDS-PAGE and transferred to nitrocellulose. The nitrocellulose strips were incubated overnight at room temperature in the dark with the sodium meta-periodate solution. Following this incubation, the brush borders were washed three times with PBS and thereafter assayed for the presence of bacterial binding activity by autoradiography.
RESULTS
Binding of E. coli to human cell membrane proteins. Binding of E. coli strains to human intestinal brush borders was studied in a blotting assay. In essence, crude brush border preparations and membranes from different cell lines were separated electrophoretically and transferred to nitrocellulose sheets, whereupon radiolabeled bacteria were overlaid on the blotted proteins. The results indicated that the brush border fraction as well as cell membranes from HEp-2 and Caco-2 cell lines contained several polypeptides that bound adherent E. coli strains. The most prominent and consistent of these proteins had apparent molecular masses of 32 to 33 kDa (Fig. 1) . In some cases, additional polypeptides ranging from 50 to 70, from 105 to 130, and from 180 to 200 kDa were also recognized by E. coli strains with LA capacity; this recognition was variable and rather weak (Fig. 2A) . When a brush border preparation was kept at room temperature without protease inhibitors, some low-molecular-weight proteins were also detected by the bacteria in the preparations (Fig. 2B) . This effect was probably due to the degrading of larger proteins. The 32-to 33-kDa proteins were also present in the brush border fraction of the intestine of both infants (1 to 12 months) and adults (40 to 60 years) (data no shown). The 32-to 33-kDa proteins were present in a small quantity in the crude mucus layer that cover the intestinal epithelial cells. This quantity represented about 5% of that detected on the brush border cells.
With the blotting procedures described above, E. coli strains DA or AggA with respect to HEp-2 cells, as well as one E. coli strain of serotype O157:H7, recognized apparently the same 32-to 33-kDa bands (Fig. 3) . The intensity of the bands was higher when the bacteria tested belonged to the LA group, intermediate when the bacteria adhered in a DA pattern, and low when the bacteria showed an AggA phenotype. E. coli strains unable to adhere to HEp-2 cells did not recognize any of the nitrocellulose-bound brush border proteins.
After initial studies with prototype strains, further bindingblotting assays were performed with 20 other E. coli strains isolated from children with diarrhea and previously characterized by their capacity to adhere to HEp-2 cells with defined patterns (Table 1) . We found that regardless of the pattern of adherence, all of the strains with this capacity recognized the 32-to 33-kDa brush border proteins, whereas the four nonadhesive strains did not (Table 1) .
To determine whether E. coli strains with different patterns of adherence, i.e., LA, DA, and AggA, bind to the same 32-to 33-kDa molecule, we next carried out competitive interaction experiments using radiolabeled LA strains and unlabeled DA or AggA strains. A 35% Ϯ 5.2% reduced binding for the 32-to 33-kDa proteins was observed when the labeled LA strain (0.5 ϫ 10 8 bacteria/ml) was incubated in a mixture with unlabeled AggA strain (0.5 ϫ 10 8 bacteria/ml) in the blotting assay. The unlabeled DA strain also reduced the binding of the labeled LA strain by 30.8% Ϯ 4.9%. These results indicate that LA, DA, and AggA strains bind to the 32-to 33-kDa proteins. Corroborating these results, preincubation for 1 h of unlabeled DA or AggA strains with transblotted 32-to 33-kDa proteins prior to adhesion assay resulted in 85.8% Ϯ 7.3% of binding inhibition of the labeled LA strain. Further competitive experiments were performed with radiolabeled DA or AggA strains and unlabeled LA strain. The unlabeled LA strain reduced markedly binding of labeled DA or AggA strains by 83.3% Ϯ 8% and 78% Ϯ 6.1%, respectively. Finally, preincubation for 1 h of unlabeled LA strain with transblotted 32-to 33-kDa proteins prior the binding assay completely blocked the binding of DA or AggA strains to these proteins.
Rate of adhesion.
The optimum concentration of the 32-to 33-kDa proteins for the binding of radiolabeled E. coli was established by increasing the amounts of the brush border sample loaded into the SDS-PAGE preparation. After the proteins were transferred to the nitrocellulose, the preparations were incubated with 10 8 bacteria for 1 h at 37°C. The degree of binding of strain E2348/69 (an E. coli of serotype O127:H6 with an LA phenotype) was dependent on the concentration of the 32-to 33-kDa proteins (Fig. 4) . Saturation of 32-to 33-kDa protein sites by bacteria started to be evident with 4.0 g of protein/lane. A concentration of approximately 3 g of the 32-to 33-kDa proteins per lane was chosen as a reference curve and used in further experiments.
E. coli strains showing an LA, DA, or AggA pattern were used to determine the rate at which E. coli strains bound to the 32-to 33-kDa proteins. The binding rate was linear for the first 2 h (Fig. 5) . The rates of adhesion to these proteins were approximately 800, 140, and 110 CFU/min for LA, DA, and AggA strains, respectively. To determine if the rate of binding to the 32-to 33-kDa proteins was altered due to different replication rates of bacterial strains, the growth of bacteria in a defined culture medium was determined. However, no significant differences (P Ͼ 0.068) were detected in the growth of any of the strains during the incubation in defined culture medium. The LA strain E2348/69 doubled its cell number in approximately 52 Ϯ 4 min, DA strain 55784 did so in 49 Ϯ 3 min, and AggA strain JPN10 did so in 57 Ϯ 5 min. Therefore, the rate of bacterial binding to the 32-to 33-kDa proteins was due to the avidity of each of the bacterial strains for these proteins.
Further characterization of the binding reaction revealed that bacterial recognition of the 32-to 33-kDa proteins was independent of both the pH and the nature of the ions used in the binding assay. Whereas adherence to the 32-to 33-kDa proteins was basically independent of the temperature used during the assay, bacterial attachment to these proteins was reduced to about 40% Ϯ 5.2% when the bacteria were grown at room temperature (24°C).
Nature of the 32-to 33-kDa binding structures. In an attempt to characterize the 32-to 33-kDa brush border structures previously described, lipid removal of the brush border 
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preparations by chloroform-methanol extraction did not interfere with the adhesive capacity of the strains tested, indicating that these structures did not contain lipids and were probably proteinaceous in nature (Fig. 6) . These results were confirmed by digestion of the intestinal brush borders with proteinase K, which completely abolished all binding activity (Fig. 6 ). The role of carbohydrates in the binding adherence of E. coli to the 32-to 33-kDa proteins was assayed by treating the brush borders with sodium meta-periodate as described in Materials and Methods. Oxidation of the monosaccharides by this procedure virtually abolished the binding of all adherent strains. Binding inhibition was also observed when the brush borders proteins were incubated with nonspecific endoglycosidase H and peptide N-glycosidase F, indicating that these structures were most probably glycoproteins and that the adherent E. coli bound to their carbohydrate moieties (Fig. 6 ). The specificity of this adherence to the separated and transblotted 32-to 33-kDa proteins was tested by inhibition of the adhesive process with various sugars (see Materials and Methods). None of the sugars tested at a concentration of 0.1 M were able to inhibit the binding of adherent strains. On the other hand, an oligosaccharide-enriched fraction obtained from breast milk (8) was capable of inhibiting the binding capacity of HEp-2 adherent strains to the 32-to 33-kDa brush border proteins (Fig. 6) . The 32-to 33-kDa proteins could not be removed when the HEp-2 cell membranes were incubated with solutions capable of releasing peripheral proteins, indicating that these proteins are probably inserted into the lipid bilayer of the cell membrane (data not shown). More experiments need to be done to confirm this observation.
Inhibition by isolated 32-to 33-kDa proteins or specific antiserum. The 32-to 33-kDa proteins were isolated from human intestinal brush borders by electroelution after SDS-PAGE to determine whether these proteins could block adherence of the bacteria to HEp-2 cells. Incubation of E. coli strains with 10.0 g of the 32-to 33-kDa proteins per ml prior to adhesion experiments reduced the percentage of bacteria adherent to HEp-2 cells in different proportions depending the type of adhesion pattern displayed by the different strains (Table 2). The LA strain E2348/69 presented the highest inhibition of bacterial adhesion (86.7% Ϯ 5.2%), followed by the AggA strain JPN10 (44.3% Ϯ 3.1%) and the DA strain 55784 (18.5% Ϯ 4.8%). Inhibition of adherence of E. coli strains was not due to lack of viability of the bacteria since similar colony counts were found for strains incubated with the 32-to 33-kDa proteins or with PBS or control solutions before inoculation of On the other hand, the specific antiserum made from the 32-to 33-kDa protein extracted from SDS-PAGE was also able to inhibiting bacterial adhesion to HEp-2 cells ( Table 2 ). The antiserum inhibition effects were very similar to those produced by the isolated 32-to 33-kDa proteins but less marked. At 1:50 dilution the antiserum produced 61.2% Ϯ 4.2% inhibition in the LA strain, followed by the AggA and DA strains with 26.4% Ϯ 6.1% and 11.4% Ϯ 3.2% inhibition of adherence, respectively (Table 2) . Inhibition was concentration dependent because increasing dilutions of antiserum showed progressively less inhibition of binding ( Table 2) . The antiserum specificity was tested by immunoblotting; the antiserum recognized the antigen (32-to 33-kDa proteins from human intestinal brush borders) with which the rabbit was challenged (data not shown). The antiserum cross-reacted with the 32-to 33-kDa proteins obtained from HEp-2 cells. The addition of antiserum dilutions or 32-to 33-kDa proteins to HEp-2 cells in tissue culture did not result in visible slide agglutination of organisms. Inhibition of bacterial binding to epithelial cells by this antiserum was specific since preimmune rabbit serum did not inhibit attachment of E. coli strains to tissue culture cells.
DISCUSSION
Analysis of brush borders and mucus preparations from human intestinal mucosa indicated that several proteins were involved in the adherence of E. coli to the intestinal surface. In general, human intestinal brush borders appeared to contain proteins of 32 to 33 kDa to which adhesive E. coli strains bound consistently. Additional binding structures were recognized in the ranges of 65 to 75, 105 to 130, and 180 to 200 kDa, although the binding of different E. coli strains to these structures was not as consistent or strong as binding to the 32-to 33-kDa structures. Whether the lower-molecular-weight polypeptides were derived as a result of proteolytic activity of higher-molecular-weight proteins in the small intestine remains to be determined. This possibility is supported by the finding of proteolytic degradation of the brush border fraction when cultures are kept at 37°C without protease inhibitors. Alternatively, the protein bands observed in the SDS-polyacrylamide gels used under reduced conditions could represent components or subunits of higher-molecular-weight complexes. Staley and Wilson (30) have also reported that receptors in pig intestinal brush borders to K88 fimbriae are present in a range of high-molecular-weight proteins which dissociate into 23-and 32-to 35-kDa polypeptides on SDS-PAGE in the presence of a reducing agent.
Another finding of this study was the close relationship between the capacity of E. coli strains to bind to the 32-to 33-kDa proteins in the cell blot assay and their ability to adhere to HEp-2 cells. Our results demonstrated that regardless of the type of adherence pattern with which E. coli strains attach to HEp-2 cells, they were all capable of recognizing, with different intensities, the same binding proteins (32 to 33 kDa). Evidence for this interpretation includes the observation that binding of LA bacteria to the 32-to 33-kDa bands could be inhibited both by a DA and an AggA strain. The inhibitory capacity of these strains was attributed to the specific recognition of the 32-to 33-kDa proteins to which LA bacteria bound. The three strains tested competed in the blotting assay for the same binding structure. The AggA pattern showed the lowest affinity for the 32-to 33-kDa proteins, with a binding rate of 110 CFU/min, closely followed by the strain with DA pattern (140 CFU/min). In contrast, the LA strain E2348/69 bound strongly to the 32-to 33-kDa proteins; the rates of bacterial adhesion were about six-and sevenfold higher than for the DA and AggA strains, respectively, suggesting that the LA strain possess adhesins that recognize the 32-to 33-kDa proteins in a greater proportion than the AggA and DA strains.
These results could explain the preference of strains with an AggA phenotype to colonize the large bowel rather than the small intestine (17, 39) . It has also been proposed that AggA strains adhere to the mucus layer overlying the epithelium rather than to the enterocytes (34) . The high level of hydrophobicity exhibited by these strains (9) could aid adherence to the mucus layer. Adhesion of DA strains is heterogeneous and varies in the level of adhesion to targets (3) . Strain 55784, used as a DA strain in our experiments, attached in large number to HEp-2 cells; however, the binding rate for the 32-to 33-kDa proteins was very low. An explanation for these apparently contradictory results could be that this strain utilized the 32-to a Percent inhibition of adherence of E. coli strains to HEp-2 cells by isolated 32-to 33-kDa proteins or specific antiserum prepared in rabbits immunized with the 32-to 33-kDa proteins. Controls were taken as zero percentage of inhibition and consisted of proteins which underwent the same isolation process as the 32-to 33-kDa proteins and rabbit preimmune serum. Data are means Ϯ standard deviations of three independent experiments. P values exceeding 0.05 were considered not significant. 33 -kDa proteins as a binding structure on the cell surface to a lesser degree than E. coli strains with an LA pattern that interact more abundantly with these proteins. Thus, strains with a DA phenotype must express multiple adhesins capable of interacting with a variety of cellular structures in addition to those that recognize specifically the 32-to 33-kDa proteins. In contrast, attachment of LA strains to the mucosa of the small intestine is probably mediated mainly by the 32-to 33-kDa proteins and in less proportion by some other cellular structures. This idea is supported by the inhibition experiments using HEp-2 cells, which showed that the isolated 32-to 33-kDa proteins or antiserum prepared from these proteins blocked preferentially bacterial adherence of the LA pattern. Moreover, the low inhibition effect produced by the isolated proteins or antiserum on DA and AggA strains is in accordance with their low rate of binding to the 32-to 33-kDa proteins. Taken together, these experiments provided circumstantial evidence that the 32-to 33-kDa proteins are probably the principal cellular receptor to which E. coli strains with an LA pattern bind. Interestingly, the 32-to 33-kDa proteins seem to serve also as receptors for the DA and AggA strains but in a minor proportion, indicating that these strains bind mainly to some other receptors on the cell surface. It is quite possible that the major adhesins of DA and AggA strains do not recognize the 32-to 33-kDa structures.
The characteristic patterns of E. coli adherence (LA, DA, and AggA) could be a function of bacterial interaction among themselves more than direct interaction with epithelial cell receptors. In this sense, there may not exist a unique and specific cellular receptor for each type of adherence pattern. The formation of typical LA clusters or microcolonies seems to take place by recruitment of proximate bacteria or clusters of bacteria (infections units) present in the supernatant in the vicinity of the cell surface, linked together via BFP fimbriae. Scanning electron micrographs showed structures resembling BFP coursing between the bacteria (14) . With regard to AggA strains, it has been shown that surface protein layer plays an important role in the expression of this phenotype. Wai et al. (35) reported a surface protein (38 kDa) specific for the strains of the AggA phenotype. We think that each E. coli strain binds to more than one cellular structure in accordance with the type of adhesins that possess. Our results suggest that E. coli strains with different pattern of adherence can share one or more cellular receptors on the intestinal mucosa.
The 32-to 33-kDa structures identified in the intestines of infant and adult humans exhibiting E. coli-binding capacity were determined to be proteins, since these structures remained in completely delipidized human intestinal brush borders. Furthermore, proteinase K treatment of brush borders completely digested all E. coli-binding structures. It also seems that these proteins are glycosylated and that bacteria binds to their carbohydrate portion, as indicated by the fact that sodium meta-periodate and glycosidase treatment of the brush border membranes abolished the attachment of the bacteria. In this sense, localized adhesion to cells must be dependent on stereospecific interactions, similar to those occurring between a lectin and a carbohydrate. The presence of the 32-to 33-kDa proteins in the mucus could ensure the initial attachment of E. coli with ability to colonize the human intestine. These proteins could originate from the goblet cells or could be released into the lumen of the gut by the brush border. We cannot at present assess the full biologic significance of the presence of binding proteins in both the mucus and the brush border fractions.
From the data available at present, it appears that most E. coli strains capable of adhering to HEp-2 cells possess common adhesins in addition to their specific ones, which facilitate their attachment to intestinal mucosa. The adherence process may require the participation of a number of distinct surface constituents (receptors) that interact in a sequential manner to overcome repulsive forces. The 32-to 33-kDa glycoproteins described here could be an important part of the structures that participate in the attachment of E. coli strains with LA phenotypes.
